Abstract -This work presents a procedure for simulating the eight multispectral bands of the WorldView-2 satellite by means of bands available in the airborne sensor HSS (Hyperspectral Scanner System). Both the original and simulated images were classified using the SAM (Spectral Angle Mapper) algorithm, aiming to discriminate intra-urban targets, namely: French tiles, asphalt/concrete, steel and aluminum tiles, bare soil, native arborous vegetation, and grass. The simulated images proved to be suitable for the detection of all aforementioned targets.
INTRODUCTION
The extreme heterogeneity of urban areas has showed to be one of the main causes of confusion in the classification of land cover and land use. In order to overcome such hindrances, many studies have now started to employ hyperspectral data in a collaborative way with high spatial resolution sensors [1] . Currently, high spatial resolution alone seems not sufficient for the investigation of urban areas. High spectral and radiometric resolutions are also required, since they are able to reduce conflicts in the extraction of urban features.
In the present work, a comparative analysis was carried out between classifications obtained from the original and the simulated WorldView-2 images, so as to evaluate the capacity for targets extraction of this high spatial resolution sensor containing eight spectral bands and of the HSS (Hyperspectral Scanner System), which is also a high spatial resolution sensor, but owning 37 spectral bands.
A. Study Area
The study area comprises part of São José dos Campos city, the seat of a municipality located in the eastern region of São Paulo state. The sensor line of flight owns 21 km of length and 1.6 km of width, covering part of important places in the city, like the airport, the Aerospace Technical Centre (CTA), the National Institute for Space Research (INPE), the President Dutra Road, and the REVAP Refinery Complex of the Brazilian Oil Company (Petrobras), as shown in Figure 1 . 
B. Sensors 1) HSS (Hyperspectral Scanner System)
The airborne sensor HSS, produced by the SensyTech company, contains 37 bands in the reflected VNIR and SWIR ranges, besides further 13 bands in the thermal spectral range, which have not been used in this particular work. The images have a radiometric resolution of 12 bits, with an interchangeable IFOV of 1.25 and 2.5 mrad and an adjustable scanning frequency between 6.25 and 100 Hz, which altogether may have an impact on the image spatial resolution and its signal-to-noise ratio.
2) WorldView-2
WorldView-2 is an optical orbital sensor produced by Digital Globe, which presents high spatial resolution and a differentiated spectral resolution in comparison with the traditional orbital high spatial resolution sensors. Its panchromatic and multispectral bands present approximately 0.5 m and 2.0 m of spatial resolution at nadir, respectively.
The images are produced with 11bits of radiometric resolution, and besides the conventional Blue, Green, Red, and Near Infrared bands, it renders available four other multispectral bands, namely Coastal Blue, Yellow, Red Edge, and an additional NIR band (Near Infrared 2).
C. Objectives
The main objective of this work is to evaluate the capacity of the WorldView-2 multispectral bands in discriminating urban targets, since the HSS sensor, which has also been commonly employed for this purpose, is no longer in operation.
For this end, WorldView-2 simulated images will be generated from HSS images. Both the original and the simulated images will be classified using the SAM (Spectral Angle Mapper) algorithm, so as to assess the suitability of such simulated images for the extraction of urban features.
II. METHODS

A. Material
The imaging with the HSS sensor was achieved in an aerial survey conducted from May 28 to June 2, 2006, with a flight height of approximately 1,070 m and an IFOV of 2.5 mrad, which resulted in an average spatial resolution of 2.7 m along the line of flight.
An HSS scene acquired on June 30, 2006 was used for the experiment reported in this work, comprising 37 bands in the VNIR and SWIR spectral ranges. The TIR bands have not been used, as previously stated.
B. Pre-processing
The initial step in the execution of this work was the image atmospheric correction. This procedure and the consequent generation of the surface reflectance image have been accomplished with the module FLAASH of ENVI 4.5.
C. Simulation of WorldView-2 Bands
For the bands simulation, the response function of the HSS and WorldView-2 sensors were used, which enabled to identify the exact spectral ranges of the HSS sensor that corresponded to each of the WorldView-2 (WV2) bands, and hence, calculate the overlap areas.
The method adopted for the bands simulation was based on the works of [3] and [4] . 
D. Spectral Angle Mapper (SAM)
The Spectral Angle Mapper (SAM) is a tool that allows mapping the spectral similarity between a given image and a reference spectrum. This algorithm determines the spectral similarity by calculating the angular difference between the two spectra, treating them as vectors in a multidimensional space, which number of dimensions is equal to the number of image bands [5] .
Individual classifications were executed aiming at identifying on the HSS image as well as on the WorldView-2 simulated image the following targets: French tiles, asphalt/concrete, steel and aluminum tiles, bare soil, native arborous vegetation, and grass.
For each identified target, six samples were collected in the HSS image bands and in homologous points in the WorldView-2 simulated image bands, creating thus two spectral libraries related to the concerned target, one for each scene. The HSS scene was classified by SAM using the samples collected in the HSS image itself, regarding each of the targets of interest. The same procedure was applied to the WorldView-2 simulated image, producing six classifications for each scene.
Still in ENVI 4.5, the global accuracy was assessed for the WorldView-2 simulated image, using the classification conducted in the HSS image as the reference data. This accuracy index is obtained by summing the number of correctly classified pixels and dividing the final sum by the total number of existing pixels in the image.
III. RESULTS AND DISCUSSION
The simulated bands were visually analysed and presented a good agreement with the original WorldView-2 images of other regions than the study area. It is worth reminding that the simulation procedure does not alter the spatial resolution. In this sense, the simulated images present the same spectral characteristics of WorldView-2, but remain with the spatial resolution of the HSS sensor. The WorldView-2 simulated image was able to identify the targets of interest from the remaining targets found in the scene. A meaningful confusion was observed in the discrimination between bare soil and French tiles in both the HSS and the WorldView-2 simulated images, what is justifiable by the similar mineral composition of these targets.
As exposed previously, the classification accuracy of the WorldView-2 simulated image was calculated using the original HSS image classification as the reference data. Table 1 presents the global accuracy values for each target individually. 
IV. CONCLUSIONS
This work simulated the eight multispectral bands of the WorldView-2 satellite by means of bands available in the airborne sensor HSS (Hyperspectral Scanner System), executed an urban land cover classification in both images using the SAM algorithm, and finally, conducted an accuracy assessment to investigate the suitability of the two images for discriminating the urban targets of interest.
It can be observed that the two images differentiated well the concerned targets, although there has been confusion between bare soil and French tiles. In order to reduce such confusion, attributes based on bands ratio meant to enhance French tiles as proposed by [6] ought to be investigated in future works. The exploration of more sophisticated classifiers, like SVM, is as well envisaged.
Since the reported experiment used the original HSS image classification as the reference data for assessing the classification accuracy of the WorldView-2 simulated image, the authors recommend the acquisition of field spectra in further studies, so as to allow the evaluation of classification accuracy in both images, what would enable the selection of the most suitable one for extracting the features of interest.
Anyway, it is sensible to state that the WorldView-2 images can be used for identifying urban targets, even though it owns only eight bands, since the HSS -with its 37 bands -is no longer operational.
